ter, using oral gavages as follows: group B animals received 100 mg/kg body weight of caffeine, group C animals received 50 mg/kg body weight of caffeine, group D animals received 500 mg/kg body weight of cannabis, group E animals received 200 mg/kg body weight of cannabis, and group F received a low dose of cannabis (200 mg/kg body weight) plus a low dose of caffeine (50 mg/kg body weight). The animals were killed by cervical dislocation 24 h after the last administration. The brain tissues were excised and homogenized. The enzymes cytochrome C oxidase and glucose-6-phosphate dehydrogenase were assayed to observe tissue energy metabolism while the neurotransmitters gamma-amino butyric acid (GABA), glutamate, and dopamine were assayed to observe the effects of the psychoactive substances on their activities relative to mental activities. Results: GABA, glutamate, and dopamine were generally higher in the treated groups of animals. The levels of G-6-PDH were higher in all treated animals' brains. Caffeine produced quite more significant effects relative to cannabis and the combination of both increased the level of G-6-PDH significantly. Conclusion: Results showed that caffeine and cannabis influenced the activities of the enzymes and neurotransmitters in the brain. Both stimulants altered brain chemistry relative to the tested enzymes and neurotransmitters.
Introduction
Caffeine is a methylxanthine with the chemical name that is used globally as a psychoactive agent [1] [2] [3] almost without restrictions [4] . Caffeine as a psychoactive substance interacts primarily with adenosine receptors (ARs) in the brain [3] . It elicits its stimulating effects primary by virtue of its interactions with the AR; the A 1 and A 2A receptors have been implicated to play more important roles [3] . It only binds to the A 2B at high doses and the A 3 receptor is insensitive to caffeine [3] . By this mechanism, it primarily alters neural activities to influence mental activities and performance, resulting in increased mental alertness and wakefulness [3, [5] [6] [7] [8] [9] . Excessive quantities of caffeine have also been associated with changes in emotion and motor activities especially in forms of tremor and anxiety among others [1, 3] . While it has been argued that moderate consumption of caffeine might not produce effects that could translate to anxiety, its use make individuals vulnerable to the risk of manifesting anxiety [10] . Major natural sources of caffeine include coffee, tea, and cocoa while it is a usual additive to soda and soft drinks as well as a number of medicinal drugs [1] [2] [3] .
Cannabis sativa or cannabis is a plant with psychoactive phytochemicals and it is indigenous to Central Asia and the Indian subcontinent [11] . It is prepared in various forms and consumed especially in its typical marijuana form, which is prepared from the stems, leaves, and dried flower buds of the cannabis plant [12] . Cannabis is used and often abused with a primary goal of altering mental attributes believed by the users to increase their courage and drive. Cannabis, typically taken in forms of leaf smoking or as preparations or extracts of the leaf, contains the active agent cannabinoid THC (delta-9-tetrahydrocannabinol or Δ 9 -tetrahydrocannabinol). The mechanisms of action of these agents include their interactions with the cannabinoid receptors. To influence neural activities, cannabis would interfere with neurotransmitters' activities. Humans studies had suggested that high cannabis users have as much dopamine as much as non-users, the effects of this neurotransmitter is being blunted in user, thus limiting the reward of pleasure that they experience [13] . Its long-term use is also reported to have potentials to alter the balance of dopamine in the brain [14] .
Cannabis would influence brain activities in many brain regions because of the wide distribution of the cannabinoid receptors that THC can bind with; it binds in a similar way as anandamide which produces pleasurable feeling but, in addition to this, it alters other natural functions of these specific brain regions [14] . Short-term effects of cannabis use include distorted perception including touch, sight, sounds, and time as well as cerebellar functions altering balance, posture, and the coordination of movement. Long-term use of the drug can also lead to a series of attitude and personality changes, characterized by a diminished ability to carry out long-term plans, a sense of apathy, decreased attention to appearance and behaviour, and decreased ability to concentrate for longer periods of time. These changes can also include poor performance in school [14] .
It is expected that the competitions between the exogenous active psychoactive agents with certain endogenous neurotransmitters for their receptors will alter the states and levels of activities of the endogenous substances. Enzymes will expectedly be influenced as well. This same mechanism is primarily responsible for the changes in neural and mental activities that accompany the use of the substance. While several reports are available on the behavioural changes that accompany the use of these substances, it is important to enrich the literatures on the accompanying in situ biochemical changes. This is important because neural functions depend on the brain's chemical activities premise. This research investigated the changes in the activities of vital neurotransmitters and enzymes toward appreciating the neurochemical changes that accompany the changes in mental or neural activities that are produced by caffeine and cannabis.
Though a number of experiments had studied some of the neurotransmitters and enzymes considered, many of the experiments were not carefully modelled after human uses(s) of the psychoactive agents. The existing collections of literatures did not consider the enzymes and neurotransmitters in the same biological milieu and under the same condition as presented in this work. To this end, this work provides insight into possible dependent relationships in the alterations in the enzymes and neurotransmitters as caused by cannabis and caffeine. It therefore implies that the current investigation differs from others and provides a unique perspective to the subject based on the design and regimen and not necessarily in terms of what was studied.
Methods

Caffeine and Cannabis Regimen
Anhydrous caffeine was dissolved in distilled water to obtain suitable concentrations as designed in the experimental regimen. Cannabis aqueous extract was prepared by first blending the dried leaves, and then blending the dried leaves in fine powder using a dry blender. The fine powder was thereafter soaked in water for about 12 h and filtered; the substrate was evaporated to dryness, weighed, and then prepared into the mixture of suitable concentrations for the various animal groups.
We had previously worked on these psychoactive agents, and we had performed a series of pilot studies that provided reliable empirical information on the doses; very importantly, observations and technical comparison of real life human consumption scenarios helped our choices of doses. Ethical approval was obtained to carry out the investigation. Also, every activity and procedure was carried out with strict adherence to ethical regulations and institutional standards of research.
Animals Treatment
Adolescent Wistar rats were allowed to acclimatize. They were housed in the Institutional Animal Holding Facility under suitable environmental conditions and in standard seized cages throughout the duration of treatment. They were divided into 6 groups labeled A-F. Group A served as the control group and the animals were only fed ad libitum throughout the duration of experiment so as to serve as the standard reference for the other groups. Group B animals received a high dose of caffeine (100 mg/kg body weight), group C received a low dose of caffeine (50 mg/kg body weight), group D received a high dose of cannabis (500 mg/kg body weight), group E received a low dose of cannabis (200 mg/kg body weight), and group F received caffeine and cannabis at the relatively low doses combined (50 mg/kg body weight of caffeine plus 200 mg/kg body weight of cannabis). Animals were administered substances daily between the hours of 07: 00 and 08: 00 using suitable oral gavages.
All activities involving the use, handling, treatment, and management of the experimental animals were carried out in compliance with ethics and standard institutional research practices. The treatments lasted 21 days. Animals were sacrificed by cervical dislocation 24 h after the last administration. The skulls were dissected and the brain tissues were excised.
Tissue Preparations
Each animal's brain was excised whole, grossed, and cleaned to remove non-neural tissues. Whole brains were homogenized using automated homogenizer. The homogenate was centrifuged, and the supernatant was collected and treated based on the protocols for enzymes and neurotransmitters.
Enzymes and Neurotransmitters Assays
Procedure for Cytochrome C Oxidase Assay as a Measure of Normal Tissue Function [15, 16] Measurement of cytochrome C oxidase activity: the absorption of cytochrome C at 550 nm would change with its oxidation state. This property was the basis for the assay. Cytochrome C was reduced with dithiothreitol and then reoxidized by the cytochrome C oxidase. The difference in extinction coefficients (De mM) between reduced and oxidized cytochrome C was 21.84 at 550 nm. The oxidation of cytochrome C by cytochrome C oxidase is a biphasic reaction with a fast initial burst of activity followed by a slower reaction rate. In this assay, the initial reaction rate was measured during the first 45 s of the reaction. Total volume of the reaction was 1.1 mL. Spectrophotometer settings following the decrease in absorption at 550 nm at room temperature (25 ° C) using a kinetic program was 5 s delay, 10 s interval, and 6 readings. The instrument was set up prior to starting any reaction. The wavelength setting was considered critical and could deviate by no more than 2 nm. No signal was observed with a deviation of 10 nm.
Assay procedure included the addition of 0.95 mL of 1 × assay buffer to a cuvette and zeros the spectrophotometer. Also, a suitable volume of enzyme solution or mitochondrial suspension was added to the cuvette, bringing the reaction volume to 1.05 mL with 1 × enzyme dilution buffer. Mixing was by inversion. This was followed by starting the reaction by the addition of 50 mL of ferrocytochrome C substrate solution and mixing by inversion. The A550/min was read immediately due to the rapid reaction rate of this enzyme. Background values were expected between 0.001 and 0.005 A550/min. The activity of the sample was calculated.
where ∆ A/min = A/min (sample) -A/min (blank) ; dil = dilution factor of enzyme or sample; 1.1 = reaction volume in mL; vol of enzyme = volume of enzyme or sample in mL; 21.84 = ∆ ε mM between ferrocytochrome C and ferrocytochrome C at 550 nm.
Unit definition: 1 unit will oxidize 1.0 μmol of ferrocytochrome C per minute at pH 7.0 at 25 ° C. [17] This dehydrogenase has dual coenzyme specificity. When assayed under conditions that are optimal for the particular coenzyme, the ratio of observed catalytic activity is NAD/NADP = 1.8. The reaction velocity is determined by measuring the increase in absorbance at 340 nm resulting from the reduction of NAD or NADP. One unit reduces 1 μmol of pyridine nucleotide per minute at 30 ° C and pH 7.8 under the specified conditions.
G-6-PDH Assay as a Marker of Metabolism
Assay Procedure
The spectrophotometer was adjusted to 340 and 30 ° C. Reagents were pipetted into each cuvette as follows: 0.055 M Tris ⋅ HCl buffer, pH 7.8 with 0.0033 M MgCl 2 , 2.7 mL; 0.006 M NADP (or 0.06 M NAD), 0.1 mL; 0.1 M glucose-6-phosphate, 0.1 mL. Incubation was done in spectrophotometer at 30 ° C for 7-8 min to achieve temperature equilibration and establish blank rate, if any. This was followed by adding 0.1 mL diluted enzyme and recording increase in A 340 /min for 4-5 min. The A 340 /min was calculated from the initial linear portion of the curve.
Units/mg = Gamma-Amino Butyric Acid Neurotransmitter Assay as Evaluation of Neurocortical Structural and Functional Integrity [18] For this assay, tissues were rinsed in ice-cold PBS (0.01 mol/L, pH 7.0-7.2) to remove excess blood thoroughly and weighed before homogenization. The tissues were minced to small pieces and homogenized in 5-10 mL of PBS with a glass homogenizer on ice. The resulting suspension was sonicated with an ultrasonic cell disrupter or subjected to 2 freeze-thaw cycles to break the cell membranes further. After that, the homogenates were centrifugated forAssay Procedure Summary All reagents, samples, and standards were prepared. Fifty microliters of standard or sample was added to each well, followed by the addition of 50 μL prepared Detection Reagent A immediately, shaking and mixing, and incubating 1 h at 37 ° C. It was aspirated and washed 3 times followed by adding 100 μL prepared Detection Reagent B, and incubating 30 min at 37 ° C. It was again aspirated and washed 5 times followed by adding 90 μL substrate solution, and incubating 15-25 min at 37 ° C. Fifty microliters of stop solution was added and reading at 450 nm was done immediately.
Calculation of Results
The assay method employed the competitive inhibition enzyme immunoassay technique, so there is an inverse correlation between gamma-amino butyric acid (GABA) concentration in the sample and the assay signal intensity. The duplicate readings for each standard, control, and samples were averaged; a standard curve was created on log-log or semi-log graph paper, with the log of GABA concentration on the Y-axis and absorbance on the X-axis. Drawing the best-fit straight line through the standard points helped determine value by regression analysis. If samples have been diluted, the concentration read from the standard curve must be multiplied by the dilution factor Glutamate Neurotransmitter Assay Procedure [19] First, 10 mL of the 0.1 M Glutamate Standard was diluted with 990 μL of the Glutamate Assay Buffer to prepare a 1 m M standard solution. This was followed by adding 0, 2, 4, 6, 8, and 10 μL of the 1 m M standard solution into a 96 well plate, generating 0 (blank), and 2, 4, 6, 8, and 10 nmol/well standards. Then, Glutamate Assay Buffer was added to each well to bring the volume to 50 μL. Tissue (1 × 10 6 ) was be homogenized in 100 μL of the Glutamate Assay Buffer. The samples were centrifuged at 13,000 g for 10 min to remove insoluble material. Serum samples (10-50 μL) were directly added to wells. Samples were, when necessary, deproteinized with a 10 kDa MWCO spin filter prior to addition to the reaction. (This step mignt be necessary if enzymes in the samples interfered with the assay.) Samples were brought to a final volume of 50 μL with Glutamate Assay Buffer. A blank sample for each set of sample was included by omitting the Glutamate Enzyme Mix in the Reaction Mix.
Assay Reaction
The Reaction Mixes were set up. One hundred microliters of Reaction Mix was required for each reaction (well). Next was adding 100 μL of the appropriate Reaction Mix to each of the wells. Wells were mixed using a horizontal shaker or by pipetting and incubate the reaction for 30 min at 37 ° C. Plate was protected from light during the incubation. The absorbance at 450 nm (A 450 ) was measured.
Calculation of Results
The background for the assays was the value obtained for the 0 (blank) glutamate standard. Correction was done for the background by subtracting the blank value from all readings. Background values when significant were subtracted from all readings. The values obtained from the appropriate glutamate standards were used to plot a standard curve. Dopamine Neurotransmitter Assay Procedure [20] This assay employs the competitive inhibition enzyme immunoassay technique. A monoclonal antibody specific to dopamine has been pre-coated onto a microplate. A competitive inhibition reaction is launched between biotin-labeled dopamine and unlabeled dopamine (standards or samples) with the pre-coated antibody specific to dopamine. After incubation, the unbound conjugate is washed off. Next, avidin conjugated to horseradish peroxidase (HRP) is added to each microplate well and incubated. The amount of bound HRP conjugate is reverse proportional to the concentration of dopamine in the sample. After addition of the substrate solution, the intensity of color developed is reverse proportional to the concentration of dopamine in the sample.
There is an inverse correlation between dopamine concentration in the sample and the assay signal intensity. Average the duplicate readings for each standard, control, and samples. Create a standard curve on log-log or semi-log graph paper, with the log of dopamine concentration on the Y-axis and absorbance on the X-axis. Draw the best-fit straight line through the standard points and it can be determined by regression analysis. Using some plot software, for instance, curve expert 1.30 is also recommended. If samples have been diluted, the concentration read from the standard curve must be multiplied by the dilution factor.
Assay Procedure Summary
All reagents, samples, and standards were prepared and 50 μL standard or sample was added to each well. This was followed by adding 50 μL prepared Detection Reagent A immediately. Mixing was done by shaking. Incubation was then allowed for 1 h at 37 ° C, followed by aspirating and washing 3 times. One hundred microliters of prepared Detection Reagent B was added and incubated 30 min at 37 ° C. It was aspirated and washed 5 times followed by adding 90 μL substrate solution. Incubation was allowed for 10-20 min at 37 ° C. Fifty microliters of stop solution was added. Reading at 450 nm followed immediately.
Statistical Analysis of Results
The results were expressed as mean ± SEM for each group. All grouped data were statistically evaluated using GraphPad Prism 5 statistical software using one way analysis of variance. StudentNewman-Keuls post hoc test was used to identify differences between individual means. CI was placed at 95%, so that in all cases a value of p < 0.05 was considered significant.
Results
GABA Neurotransmitter Assay Result
GABA level of the group A (control group) was 0.11 ± 0.0024. GABA level for group B (caffeine high dose) was significantly ( p < 0.05) higher than the control at 0.13 ± 0.0012. GABA level for group C (caffeine low dose) was significantly ( p < 0.05) higher than the control at 0.13 ± 0.0007. GABA level for group D (cannabis high dose) was significantly ( p < 0.05) higher than the control at 0.15 ± 0.0008. GABA level for group E (cannabis low dose) was significantly ( p < 0.05) higher than the control at 0.14 ± 0.0009. GABA level for group F (cannabis low dose + caffeine low dose) was significantly ( p < 0.05) higher than the control at 0.14 ± 0.0027.
Dopamine Neurotransmitter Assay Result
Dopamine level of group A (control group) was 0.11 ± 0.0005. Dopamine level in group B (caffeine high dose) was significantly ( p < 0.05) higher when compared to the control group at 0.13 ± 0.0038. Dopamine level of group B (caffeine low dose) was significantly ( p < 0.05) higher when compared to the control group at 0.12 ± 0.0014. Dopamine level of group C (cannabis high dose) was significantly ( p < 0.05) higher when compared to the control group at 0.13 ± 0.0012. Dopamine level of group D (cannabis low dose) was significantly ( p < 0.05) higher when compared to the control group at 0.12 ± 0.0007. Dopamine level of group F (cannabis low dose and caffeine low dose) was significantly ( p < 0.05) higher when compared to the control group at 0.15 ± 0.0014.
Glutamate Neurotransmitter Assay Result
The glutamate level for the group A (control group) was 0.13 ± 0.0053. The glutamate level for group B (caffeine high dose) was significantly ( p < 0.05) higher at 0.17 ± 0.0025 when compared with the control group. The glutamate level for group C (caffeine low dose) was significantly ( p < 0.05) higher at 0.16 ± 0.0011 when compared to the control group. The glutamate level for group D (cannabis high dose) was significantly ( p < 0.05) higher at 0.16 ± 0.0007 when compared to the control group. The glutamate level for group E (cannabis low dose) was significantly ( p < 0.05) higher at 0.14 ± 0.000 when compared to the control group. The glutamate level for group F (cannabis low dose + caffeine low dose) was significantly ( p < 0.05) higher at 0.17 ± 0.0019 when compared to the control group.
Cytochrome-C-Oxidase Enzyme Assay
The cytochrome-C-oxidase level for the group A (control group) was 0.003 ± 0.0003. The cytochrome-6-oxidase level for group B (caffeine high dose) was slightly higher at 0.05 ± 0.0 when compared with the control group. The cytochrome-6-oxidase level for group C (caffeine low dose) was slightly higher at 0.004 ± 0.0005 when compared to the control group. The cytochrome-6-oxidase level for group D (cannabis high dose) was slightly higher at 0.006 ± 0.0006 when compared to the control group. The cytochrome-6-oxidase level for group E (cannabis low dose) was slightly higher at 0.005 ± 0.0003 when compared to the control group. The cytochrome-6-oxidase level for group F (cannabis low dose + caffeine low dose) was slightly higher at 0.007 ± 0.0004 when compared to the control group.
Glucose-6-Phosphate Dehydrogenase
The G6PDH level for the group A (control group) was 0.009 ± 0.0006. The G6PDH level for group B (caffeine high dose) was significantly ( p < 0.05) higher at 0.173 ± 0.0011 when compared with the control group. The G6PDH level for group C (caffeine low dose) was significantly ( p < 0.05) higher at 0.015 ± 0.0004 when compared to the control group. The G6PDH level for group D (cannabis high dose) was slightly higher at 0.115 ± 0.0003 when compared to the control group. The G6PDH level for group E (cannabis low dose) was slightly higher at 0.011 ± 0.0014 when compared to the control group. The G6PDH level for group F (cannabis low dose + caffeine low dose) was significantly ( p < 0.05) higher at 0.25 ± 0.0009 when compared to the control group.
The levels of G-6-PDH were increased in the brain tissues of all the treated animals ( Fig. 5 ) . Caffeine produced quite more significant effects relative to cannabis and the combination of both increased the level of G-6-PDH greatly. This suggests that caffeine mechanism might stimulate basal glucose metabolism more, and this is logical as it is widely acclaimed to enhance performance especially at moderate doses. This enzyme is largely associated with glucose metabolism, which is the basic source of energy for the neural tissue; hence, increase in the levels of these enzymes would be an indication of increases in glucose metabolism as well as increases in the rate of neural activities. This would not be unexpected of psychoactive substances that elevate basal metabolism by causing mental arousal, alertness, and increase in performances.
Discussion
Effects of Caffeine and Cannabis on Neurotransmitters
Caffeine and cannabis generally increased the levels of GABA significantly ( Fig. 1 ) . Both of them also caused increases at the higher doses with the GABA levels higher when cannabis was administered. What is basically observed here is that the administration of these 2 psychoactive agents caused increases in the levels of GABA in all the treated groups relative to the untreated control. The implications of this would only be adequately interpreted in light of the other parameters. Caffeine reportedly reduced GABA receptor interaction sites [21] and altered their density [22] . While these previous reports gave information on the molecular effects of caffeine on GABA receptors, the current findings show the implications on the quantities and activities of the neurotransmitter. Generally, increase in GABA is associated with increased sleepiness and reduced anxiety, alertness, and memoryrelated functions [23] ; however, reduction in receptors interacting sites might nullify or reduce the manifestation of such effects as observed in this investigation.
Dopamine is basically associated with increased alertness and happiness [24] or a state of high mental performance and drive [24] . Both caffeine and cannabis significantly elevated the levels of dopamine in the brain ( Fig. 2 ) . The higher doses caused greater increases relative to the control and their counterpart groups that were administered the lower doses. Dopamine has been implicated as a primary neurotransmitter whose activity is influenced by cannabis, the same is true of caffeine as seen in the current investigation; despite their activities involving different mechanisms, both caffeine and cannabis would produce rises in the levels of dopamine acidities in the brain. The combination of cannabis and caffeine greatly increased the dopamine level in the brain. Dopamine would play a key role in determining the nature of either caffeine and cannabis effects on mental attributes especially cognition and memory through long-term potentiation [25] [26] [27] ; and this spectrum-like effect would also include serotonin and epinephrine and acetylcholine.
Glutamate levels were generally higher in the treated groups ( Fig. 3 ) . Caffeine however increased glutamate levels more than cannabis and the combination of both of them caused relatively greater increase in the level of glutamate as well. This is not unexpected as glutamate is a most common excitatory neurotransmitter [23] .
The ability of THC to inhibit neurotransmitters generally has been reported [28] and this mechanism is being associated with the CB1 receptors which are basically presynaptic [29, 30] . The neurotransmitters L-glutamate, GABA, noradrenaline, dopamine, 5-HT, and acetylcholine have been specifically implicated [31] . These previous findings showed that the THC in cannabis interfered with key neurotransmitters release and activities in the brains a mean of altering brain functional attributes thought they did not provide quantitative information on neurotransmitters activities which the this particular investigation does. It is important not to be overly presumptive about the pathological implications of the recorded increases in the levels of the studied neurotransmitters as this could point to possible medical potentials if the molecular and biochemical pathways involved are investigated as suggested by some other researchers [32] [33] [34] .
Results from this study generally indicated the increase in the activities of neurotransmitters assayed for; the levels of dopamine, GABA and glutamate were all higher in the treated groups when compared to the control groups, and this increase could have resulted from the increase in the neural activities in the brain as it is well known that caffeine and cannabis are established neuronal stimulant, as such the nervous activities in the brain cortex is expected to increase. This increase in activity could also bring about an increase in the output of acetylcholine, serotonin (5-HT), dopamine, GABA, and glutamate which are the primary transmitters in the brain and presumably an upregulation of the receptors. This finding supports the previous report that stated that caffeine can by itself enhance 5-HT neuronal firing, the cortical concentration of 5-HT is directly proportional to the concentration of dopamine, GABA, and glutamate, thus explaining the elevated concentration of dopamine, GABA, and glutamate. In addition, a very recent study using both electrophysiological and optogenetical techniques demonstrated a "hyperdirect" excitatory pathway providing a direct excitatory control of 5-HT neurons, most likely important for proper activity of the 5-HT system [35] .
Cannabis could also have mediated its effect through this pathway since it also has a direct effect on the limbic system which has been linked to the development of dependency and addiction; this has been shown to increase the secretion of dopamine which would also lead to the increase in the level of GABA and glutamate. This finding supports the view proposed by Bouckaert et al. [36] on synaptogenesis and gliogenesis. However, the combination of cannabis and caffeine mostly caused synergetic response in the level of the neurotransmitters; this implies that both substances produced their individual effects and did not cancel out the effects of one another. This is also expected since they bind primarily to various receptors. Thus, the resultant relative hyper increase is the cumulative effect of their individual influences.
Effects of Caffeine and Cannabis on Enzymes
The levels of G-6-PDH were increased in the brain tissues of all the treated animals ( Fig. 5 ) . Caffeine produced quite more significant effects relative to cannabis and the combination of both increased the level of G-6-PDH greatly. G-6-PDH plays crucial roles in energy metabolism and it is associated with rate of cellular growth, development, and performance [37] . Abnormalities in its levels may have pathological implications. It also plays vital roles in managing oxidative stress within cells [38] . This suggests that caffeine mechanism might stimulate basal glucose metabolism more, and this is logical as it is widely acclaimed to enhance performance especially at moderate doses. This enzyme is largely associated in glucose metabolism, which is the basic source of energy for the neural tissue; hence, increase in the levels of these enzymes would be an indication of increases in glucose metabolism as well as increases in the rate of neural activities. # p < 0.05 when compared with group B; Δ p < 0.05 when compared with group C; β p < 0.05 when compared with group D; α p < 0.05 when compared with group E.
